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NOTICE 

This report was prepared as an account of Government sponsored work. Neither 
the United States, nor the National Aeronautics and Space Administration (NASA), 
nor any person acting on behalf of NASA: 

A) Makes any warranty of representation, expressed o r  implied, with 
respect to the accuracy, completeness, o r  usefulness of the infor- 
mation contained in this report, o r  that the use of any information, 
apparatus, method, or process disclosed in this report may not 
infringe privately owned rights; o r  

B) Assumes any.liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method o r  
process disclosed in this report. 

As used above, "persons acting on behalf of NASA" includes any employee or  
contractor of NASA, or  employee of such ccptractor, to the extent that such 
employee or  contractor of NASA, or  employee of such contractor prepares, 
disseminates, 9r provieds access to, any information pursuant to his employment 
or contract with NASA, o r  his employment with such contractor. 
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1.0 INTRODUCTION 

Since mass 

it is necessary to make parametric studies of all systems to determine 

their capability and approximate mass . It also is necessary to 

select an optimun system based on maw vereus effectiveness (cost 

and reliability), 

is of primary concern in space and lunar expeditions, 

This study is an effort to provide some comparison between optimm 

antenna gain and transmitter power, with a low mass system as the 

prime objective. Various areas pertinent to the WLAB comnunications 

link were investigated. 

Section 2.0 discusses the effects of cosmic radiation (thermal noise 

and solar activity) on the cwunications link. Also included is an 

explanation of the parameters for the link equation. 

In section 3.0, the couunvnication system is analyzed in a general 

nature. The function of the basic components are discussed, along 

with the effects of electrical and mechanical malfunctions. 

The communications link is evaluated in parametric form in section 4.0. 

Here the effective radiated power as a function of information band- 

width and signal-to-noise ratio is evaluated. 
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The state-of-the-art of various S-Band transmitters, adaptable to 

MOLAB usage, is discussed in section 5.0. 

of-the-art Characteristics such-as mass , power drain, power output, 

size, and reliability are described. 

General operating and state- 

Section 6.0 presents a mas8 -versus-power output expression for state- 

of-the-art SwBand transmitter systems in the MOLAB power range (10- 

200 watts). An analysis of various types of antennas is presented 

in respect to s i z e  versus gain. 

and an expression i s  formulated with antenna mass 

reflector diameter o r  gain. The two expressions, transmitter mass 

The parabolic reflector is analyzed, 

8s a function of 

and antenna mass , are combined to produce a total system mass . 

A solution is obtained in such a way that a pre-determined effective 

radiated power requirement, the transmitter, and the antenna may be 

optimized regarding: 

Transmitter Mass 

Transmitter RF Output 

Antenna . Mass 

Antenna Size (Diameter) 

Antenna Gain 

Section 7.0 is included only as an inf0rmat-m study, as it was written 

prior to the formulation of this specific task order assignment. This 

section is a point design study for an $-Band communications link on 

+he lunar surface. 
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2.0 NOLAB RF COMM"1CATION PROBLEM AREAS 

. 

a 

Certain conditions that are present which can produce variation in the 

communication system may be classified in two groups. 

composed of semi-predictable items such as solar noise (flares, winds, 

etc.) cosmic noise and orientation, with respect to the earth, of objects 

with various brightness temperatures. 

of malfunctions associated with mechanical and electrical equipment and the 

extent go which they will effect the communication link. 

group are the effects of micrometeorite bombardment. 

One group is 

The second group consists mainly 

Included in this 

A study of the two groups will be presented in the 'following discussion. 

2.1 SEMI-PREDICATABLE 

The method by which the communication link is effected, by cosmic noise, 

solar flares, etc., can be shown best in an analysis of RF I*nk equation. 

PT or ERP (effective radiated power)-is the power required to transmit the 

desired information occupying a band width (B), and has a predetermined 

signal-to-noise ration )S/N). Both are 
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dependent upon the type of modulation u t i l i z e d .  

i s  e s s e n t i a l l y  a fixed value,  being a function of range (R) and the 

wave length (7r, of the t ransmi t te r  c a r r i e r  frequency. 

The quant i ty  ( 4 p R  ) 2  
A 

The value of t ransmit t ing antenna gain (GT), a safe ty  f ac to r  assigned t o  the 

system, and losses  (L) associated with cabl ing,  atmospheric conditions,  e t c . ;  

a r e  fixed design parameters of the RF l ink .  

Boltzman's constant (K) i s  the thermal noise power e x i s t i n g  i n  the system due 

to  the random motion of e l ec t rons  t h a t  occur i n  any substance a s  the temperature 

i s  increased above absolute zero (OOK) .  The value of t h i s  constant i s  1.38 x 

jou le s  per degree Kelvin. 

The e f f e c t i v e  noise temperature (TE) of the RF system i s  a summation of the 

noise temperatures associated with the ohmic losses  i n  the receiving antenna, 

type of receiver ,  so la r  and cosmic noise,  and c a r r i e r  frequency. 

The curve (Figure 1 )  shows how the equivalent antenna temperature va r i e s  

with frequency, hot  or  qu ie t  sky, and the angle which the antenna makes with 

the horizon. 

f ixed parameter of the system. It i s  a function of physical  s ize ,  

The ac tua l  RF s ignal  gain (GK) of the receiving antenna is  a 

4 
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FIGURE 1 .  FREQUENCY VERSUS EFFECTIVE NOISE TEMPERATURE 
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t ransmi t te r  frequency, and e f f e c t i v e  capture  aper ture ,  i. e. , the  

antenna design. This antenna gain determines the s o l i d  angle  

i n  space, the antenna main beam, and the side-lobes i n t o  which 

the  t ransmit ted RF energy can be co l lec ted .  

The port ion o r  area of the sky tha t  t h i s  beam encompasses may 

include cosmic noise cources, so l a r  noise ,  e t c .  These noise  

sources contr ibute  t o  the ove ra l l  e f f e c t i v e  thermal noise  of 

the system. Thus, the rece iv ing  antenna beamwidth and the 

a b i l i t y  t o  posi t ion t h i s  beam a t  an objec t  i n  space, such as 

the moon, w i l l  determine the noise temperature present  a t  the 

rece iv ing  antenna terminals.  

The e f f e c t i v e  noise temperature o r  br ightness  temperature of the 

moon has been determined t o  be approximately 200°K a t  2300 mcps. 

(JPL, repor t  "Space Programs Summary" No. 37-10, V o l .  I). The 

e f f e c t i v e  noise temperature of the 25.84 m (85 Ft . )  Goldstone 

antenna and receiver  system (wave guide switches, masers, ampl i f ie rs ,  

e t c . ) ,  when referenced t o  a "quiet  sky'', has been ca lcu la ted  by JPL 

( repor t  No. 37-16, V o l  111) t o  be 7 1 . 1 ° K  a t  2300 mcps. 

t o t a l  o r  e f f ec t ive  noise  temperature of approximately 270°K, consider- 

ing the moon as the only cont r ibu t ing  noise  source, i s  obtained f o r  

the system. This may o r  not  be the s i t ua t ion ,  a s  shown by the follow- 

ing example. 

Therefore, a 

The 25.84 meter (85 f t . )  parabolic antennas of the DSIF s t a t i o n  has  a 

gain of 53.8 db a t  2300 mcps. 

ca lcu la ted  below, assuming 65 percent aper ture  eff ic iency.  

The half-power o r  3 db beamwidths are 

6 



Gain s (0.65) 4wSter ;dians)  t 2.4 x io5 =: 53.8 db 
(B. w. )3& 

Now, consider the angle,* which the moon makes with a point 

on the ear th .  

A e = Arctan 1.74 = Arctan 0.0045 
2 387 

15 minutes o r  0.25 degrees 
2 

= 0.50 degrees 

JPL r epor t s  a tracking accuracy of 0. 015 degrees for  the 25.84 m 

(85 f t . )  antenna. It may be assumed, therefore ,  t h a t  the ear th-  

based receiving antenna (DSIF) w i l l  a t  a l l  times have i t 8  beam 

pointed toward the surface of the  moon. Thus, the moon w i l l  be the 

only noise temperature source in the receiving antenna beam. 

7 



2.2 SOLAR ACTIVITY 

The information which e x i s t s  on so la r  a c t i v i t y  i s  very l imited.  

Astronomers have observed and recorded so lar  (sunspot) a c t i v i t y  

fo r  many years.  It has been observed tha t  sunspot a c t i v i t y  occurs 

i n  somewhat of a cyc l i c  f luc tua t ion  with a per iodic i ty  of eleven 

years.  There i s  some co r re l a t ion  between so la r  sunspot groups 

and so lar  f l a r e  a c t i v i t y :  a l l  f l a r e s  are associated with sunspot 

groups but a l l  sunspots do not necessar i ly  produce f l a r e s .  

It would be desirable  t o  know the t i m e  of occurrence and the in t ens i ty  

of f l a r e  ac t iv i ty .  Various schemes are being u t i l i z e d  where, by inspection 

of photographs of sunspot groups, it i s  possible  t o  pred ic t ,  wi thin a 

few days, when solar  f l a r e s  w i l l  occur. Accuracies of about 90 percent 

have been achieved by t h i s  means. 

b i l i t y  of f l a r e  occurrence, and does not indicate  the in t ens i ty  of such 

a c t i v i t y .  The frequency of so la r  f l a r e  a c t i v i t y  w i l l  help t o  determine 

operation schedules, and the in tens i ty ,  which is  not predictable ,  w i l l  

determine the proton r ad ia t ion  density.  The so lar  f l a r e  a c t i v i t y  w i l l  

l i m i t  the extent  of communications between the moon and e a r t h  due t o  

contamination of space with excessive proton rad ia t ion .  

This method e s t ab l i shes  only the proba- 

,The f ac to r s  i n  the communication l i n k  tha t  w i l l  be e f fec ted  are 

signal-to-noise l e v e l s  and, possibly, the e f f e c t i v e  noise temperature. 
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The noise  l eve l  -which determines the c a r r i e r  signal-to-noise r a t i o  

w i l l  d e f i n i t e l y  increase during the period of so l a r  f l a r e s  and other  

s o l a r  a c t i v i t y .  

to-noise l eve l  of the l ink ,  as  the s igna l  l eve l  is e s s e n t i a l l y  fixed. 

The exten t  t o  which the system or  information w i l l  be degraded w i l l  

depend upon the type of modulation employed (FH, An, Pn e tc . ) .  An 

increase a l s o  w i l l  be produced in the e f f e c t i v e  noise temperature 

recorded a t  the receiving antenna terminals, due t o  the increased 

s o l a r  a c t i v i t y .  

This w i l l  decrease e f f e c t i v e l y  the  design signal- 

The system sa fe ty  f ac to r  is used t o  account for  the condi t ions 

described (decrease i n  design signal-to-noise leve l ,  increase i n  noise  

temperature e t c . ) .  This  protect ion is incorporated i n  the system t o  

accommodate minor increases of noise. I f  values  exceed the  designed 

sa fe ty  f ac to r  of the  system, the bandwidth for  information necessar i ly  

w i l l  need t o  be reduced t o  obtain usable data.  

The i n t e n s i t y  of t h e  so la r  a c t i v i t y  w i l l  determine the ex ten t  t o  which 

the  connnunication l i n k  can be used during t h i s  period. 

( 2 . 5  kc) t o  e a r t h  a t  a l l  times is a minimum requirement. A plo t  of 

degree t o  which an increased e f f ec t ive  noise temperature w i l l  r equi re  

an information bandwidth reduction, with o ther  parameters of the l i n k  

remaining constant,  is shwn  i n  Figure 2. 

A voice l i nk  

This p l o t  is for  a noise  power 

(m) of - 100 dbw, w h e r e .  (dbw) C’ KTEB 

The e f f e c t  produced by a decrease i n  S/N, caused by an increase i n  noise  

(N), does not present t h i s  type of analogy as the  method of modulation 

(FH o r  AH) plays a very important r o l e  i n  descr ibing what occurs. 

9 
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In an amplitude-modulated system the ratio between signal and noise 

can be expressed as a linear function with respect to the intelligence 

delivered, i.e., the higher the ratio the better the quality of in- 

formation received. 

This is not the case in the frequency-modulated system. FM exibits two 

unique characteristics: 

a) A sharp threshold occurs at some value of signal-to-noise, at 

which point intelligent information may be received. This is 

commonly referred to as the "FM Improvement Threshold". This 

improvement of FM over AM signal-to-noise is dependent upon 

the FM modulation index. 

signal-to-noise ratio is approximately the same as the carrier 

signal-to-noise ratio. The curve in Figure 3 shows the relation- 

ship between carrier-to-noise ratio(C/N) required for a desired 

receiver signal-to-noise ratio(S/N) for various FM modulation 

indexes. For television transmission the quality of the picture 

is a function of the receiver output signal-to-noise ratio. Con- 

siderable power savings may be obtained using frequency modula- 

tion feed back (FMF'B) and phase lock loops (PLL) techniques in 

the receiver circuitry. These techniques in a sense improve the 

conventional FM threshold level. The actual power saving, or 

amount of improvement, is dependent upon the design of the system; 

i.e., desired receiver signal-to-noise ratio, I.F. bandwidth 

modulation index, etc. 

If the signal-to-noise ratio does not exceed this threshold level, 

In an AM system the receiver output 

b) 

no usable information or intelligence can be received. 
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3.0 MALFUNCTION OF ELECTRICAL OR MECHANICAL EQUIPMENT 

AND ITS EFFECT ON THE COMMUNICATIONS LINK 

The overall communications link is composed of the transmitter and 

receiver loop. A general block diagram of each of these loops, as 
they apply to lunar station (MOLAB) is shown in Figure 3. 

The purpose of the components will be explained and each will be 
examined to determine how a malfunction will effect the system. 

3.1 MODULATOR 

The modulator serves .the function of impressing the information 
obtained from the telemetry equipment on the carrier frequency of 
of the RE' transmitter. This information may be contained in the 

form of a composite signal, which is composed of a number of sub- 

carrier frequencies, determined by the number Qf channels. These, 

in turn, have been modulated by a signal which is proportional to 

the measured information. 

The modulator varies either the amplitude, frequency, or phase 

( or some combination) of the RF carrier with the amount of this 

variation dictated by the conposite signal. 

this is done is determined by the type of modulation used 

(amplitude, modulation, frequency modulation, or phase modulation). 

The method in which 

Modulators basically are composed of electronic devices used to 
vary the voltage of an Qscillator, which is generating the carrier 
frequency. Should a malfunction occur in this circuitry, effecting 

the operation of the modulator, the transmitted information would 
become distwrted or unusable. It would, therefore, be desirable 
to provide a redundant modulator system. 

c 

t 

12 



c 

t 

:;i 
A- - - - ?  

I 

r -I- i 
I l l  

d 

i 

1 3  



3 . 2  EXCITER 

The exc i t e r  i s  a piece of equipment tha t  converts the primary power, 

usual ly  a d.c. source, i n to  electro-magnetic energy a t  the des i red  

frequency fo r  transmission, i. e:., the c a r r i e r  frequency. There are 

a multi tude of methods by which t h i s  conversion may be accomplished. 

The method t o  be considered fo r  the MOLAB operat ion w i l l  probably be a 

s o l i d - s t a t e  PM o r  FM exc i t e r ,  due t o  the low m a s s  achievable with Micro- 

Electronic  c i r c u i t r y  and FM modulation providing a more economic u t i l i z a t i o n  

of power compared t o  an AM system. 

This device i s  bas ica l ly  a series of vol tage-control led o s c i l l a t o r s  

(VCO) and frequency mul t ip l ie rs .  The des i red  c a r r i e r  frequency i s  

generated by multiplying the basic  frequency of o s c i l l a t i o n  of the 

var ious  o s c i l l a t o r s .  It i s  necessary t h a t  the phase o r  frequency, o f .  

these o s c i l l a t o r s  be extremely s t ab le ,  as frequency modulation i s  accom- 

plished by varying the phase o r  o s c i l l a t i n g  frequency a t  a r a t e  proport ional  

t o  the des i red  modulating s ignal .  

A malfunction in  the exci ter  c i r c u i t r y  would possibly produce an in- 

t o l e rab le  d r i f t  of the o s c i l l a t o r s  o r  a complete loss  of the c a r r i e r  

medium. Therefore, due to the importance of the device, a redundant 

e x c i t e r  i s  considered a necess i ty  for  a r e l i a b l e  communications l i n k .  

4 
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Tbe state-of-the-art RF power output of the solid-gtate exciter, at 

the frequency band of interest (2300 mCpe),  is limited to approximately 

one watt. This level may be increased tvo to three watts within a 

few years by advancements in the art. 

3.3 BF P(MEB AMPLIFIER 

The RF power amplifier i s ,  as the name implies, a device to amplify 

the BF power output of the solid-state exciter. The amount of amplifica- 

tion or gain is dependent on the system desigo, -pica1 values for the 

RF power necessary for the HOW link are 20-50 watts. Stateof-the-art 

power amplifiers svch as traveling-wave tubes (TWT), backward-wave 

amplifiers (bplitrons), and planar triodes, ut11 provide 20 to 30 

db gain over the input signal. 

It is essential for the power amplifier to faithfully reproduce the 

input signal in such a way that the modulation impreseed on this signal 

will not be distorted. Therefore, the amplifier should be a low-noise, 

distortion-free, linear device. A desirable feature of the RF amplifies 

would be the ability to pass the low-level RF signal (exciter outpyt) 

without noise or distortion. should s malfunction occur in the mplgficr. 

Tubes such as the Amplitron have this feature. 

attenuation (approximat'ely 0.5 db), which is due to the physica€ 

parameters of the tube, is the only effect produced on the low- 

level signal. 

A slight amount of 

15 



The communication l i n k  should be designed so t h a t  the low-level t rans-  

mi t t e r  power w i l l  be s u f f i c i e n t  t o  transmit a minimum (voice l i nk )  

bandwidth of 2.5 kc t o  the e a r t h  i n  the event t h a t  a malfunction should 

occur i n  the RF power amplif ier .  Conditions permitt ing,  a redundant 

RF power amplifier would be a des i rab le  fea ture  of the communication l ink .  

3 . 4  DIPLEXER 

The d ip lexer  allows a s ingle  antenna system t o  be used for  simultaneous 

transmission and recept ion on two s l i g h t l y  d i f f e r e n t  frequencies. It 

should have high i s o l a t i o n  between the transmit and receive por t s ,  low 

VSWR, low inser t ion  l o s s  i n  the pass band, and should be broad band. 

This device requires no e l e c t r i c a l  power, and the parameters a re  physically 

fixed by the design. Thus, the r e l i a b i l i t y  i s  high, and the p o s s i b i l i t y  

of  a malfunction occuring is extremely low. 

3.5 ANTENNA IWD POSITIONING SYSTEM 

The antenna system i s  the 'lend'' device necessary t o  transmit o r  receive 

the des i red  information. The physical and e l e c t r i c a l  c h a r a c t e r i s t i c s  of the 

antenna system a r e  dependent upon the l i n k  parameters, i .e . ,  RF power output,  

information bandwidth, frequency band of operation, and degree of posi t ioning 

required by the MOLAB mode of operation. 

. 

c 
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A typica l  antenna system, su i tab le  fo r  the MOW, w i l l  be described as 

t o  method of operation and e f f e c t s  of malfunction. 

Consider an antenna system f o r  the frequency band of 2300 megacycles. 

A d i r ec t iona l  antenna of approximately 20 db gain is necessary i n  

order  t o  obta in  the most e f f ec t ive  use from the RF power ava i lab le .  

An optimum, or  "trade off" design, i s  necessary between antenna 

parameters (gain and mass) and t ransmi t te r  parameters (power input,  

power output, and mass), i n  order t o  make the most advantageous use 

of the mass and power a l loca ted  f o r  the MOW communications l ink .  

Refer t o  sec t ion  6.0 f o r  t h i s  study. 

It is essential t h a t  the d i r ec t iona l  antenna be automatically posit ioned 

i n  such a way t h a t  information may be transmitted from and conmands may 

be received by the MOW during the unmanned mode. 

be f eas ib l e ,  from a mass and space standpoint,  t o  have a t o t a l l y  redundant 

antenna system, i t  is necessary tha t  the r e l i a b i l i t y  of  the antenna and 

d r i v e  system be maximized. This may be accomplished by s t r ingen t  

evaluat ion under simulated lunar environmemt of such parameters as, lub r i ca  :- 

t i o n  mater ia l s ,  gear boxes, posi t ioning servos, e t c . ,  of the dr ive  system. 

Since it m u l d  not  

A possible  means of posi t ioning the d i r e c t i o n a l  antenna t o  assure t h a t  i t  

w i l l  always point  toward the earth.would be through the use of an. e l ec t ro -  

mechanical d r ive  system. 

the d i r ec t iona l  antenna with a low gain (Odb) antenna attached, 

Requirements f o r  t h i s  type of system include: 

17 



lobe switching c i r cu i t ry ,  a beacon s ignal  from the ea r th ,  and a servo- 

loop to  the electro-mechanical dr ive.  

I n i t i a l  acquis t ion would be accomplished by cowands from ear th  received 

through the omni-directional antenna. These commands would energize the 

d i r ec t iona l  search mode. Through the use of 'the beacon s igna l ,  transmitted 

from ea r th ,  a voltage would be generated i n  the  servo-drive loop. 

maximum voltage,maximum f i e l d  strengh of the beacon s igna l ,  would bore 

s igh t  o r  posi t ion the d i r ec t iona l  antenna a t  the ear th .  

A 

I n  the darmant mode of the MOLAB, the antenna would be locked i n  t h i s  bore- 

sighted posi t ion and would be capable of t ransmit t ing and rece iv ing  the 

desired information. Both the unmanned and manned roving modes of the 

M O M  w i l l  require  the antenna system t o  continuously t rack the ear th .  

Although i t  i s  des i rab le  t o  have a high r e l i a b i l i t y  f ac to r  on the antenna 

and posi t ioning system, i t  i s  possible  t h a t  a malfunction could occur. 

It would be desirable  fo r  the communications l i n k  t o  be designed i n  such 

a way tha t  the minimum bandwidth (2 .5  kc.) could be transmitted by using 

the omni-directional antenna. This would supply a "semi-redundant" antenna 

system i n  the event a malfunction should render the posi t ioning system o r  

d i r e c t i o n a l  antenna inoperable. 
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Since it is required t h a t  the antenna system be ex terna l  of the  MOLAB 

vehicle ,  the e f f e c t s  of meteorite bombardment should be considered. 

Accurate d a t a  regarding s i ze ,  frequency, and dens i ty  of meteori te  

bombardment i s  not  avai€able.  This information w i l l  not be known 

u n t i l  actua1 da ta  has been taken OR the  lunar surface by pro jec ts  

such as Surveyor, etc. 

Small p a r t i c l e s  s t r i k i n g  the antenna system (assuming a parabolic 

r e f l e c t s r  is used), may erode, dent, QT puncture this surface. 

Minor surface damage will not appreciably degrade the antenna pert 

fgrmanae. An exception to t h i s  would be the des t ruc t ion  of the  feed 

antenna; the system in this case would be reduced to  t b m - d i r e c -  

t i o n a l  antenna o r  narrow band-width d e  of oEra t ion .  Total des t ruc t ion  

of the ante- system wmld,  of course, terminate camumications. 

The an teme,  being externa l  of the MOLAB, a lso  presents another 

problem area: t h a t  of physical antema deformation due t o  i t s  

exposure i n  the extreme l u n w  environments. A study t o  determine 

the  ex ten t  t o  which deformation of t h e  antenna w i l l  degrade the 

aatewa design characferistfce is necessary. A study of t h i s  

nbture would e n t a i l  an ana lys i s  of usable. antenna configura- 

t i ons ,  possible  fabr ica t ion  mater ia ls ,  the  e f f e c t s  of non-uniform 

temperature d i f f e r e n t i a l s  on these Blateriakq, manufacturing processes 

used i n  the antenna fabr ica t ion ,  and the  appl icable  environmental 

c ond it: ions. 
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3.6 RECEIVING LINK 

Qe preceding analysis  i s  applicable t o  the t ransmi t te r  l i n k  of the 

MOLAB. 

system fo r  the MOLAB vehicle.  

It now i s  necessary t o  make a s imilar  study of the  rece iv ing  

The antenna, antenna posi t ioner ,  and diplexer  have been described. 

These components a re  common to  the transmit and receive system. 

AIthough s ta te -of - the-ar t  t e c h n i q e s  should be u t i l i z e d  i n  the MOW 

receiving system design, the prime object ives  Should be low mass 

low power drain,  and high r e l i a b i l i t y .  The t ransmi t te r  capab i l i t y  

of the earth-based ground station.(DSIF) i s  more thap adequate to 

supply a resonable level of s ignal  a t  the lunar s t a t i m  (YOLAB). 

. 
3.7 BF PRE-WIFIER 

A pre-amplifier i s  used t o  amplify the s ignal  received by the antenna. 

IF a l s o  performs the functions of r e j e c t i n g  unwanted s igna l s  occuring 

outs ide the desired R.F. spectrum. 

The pre-amplifier must be capable 9f amplifying the received s ignal  

without contr ibut ing amy addi t iona l  noise  O r  d i s t o r t i n g  the s ignal .  

The major source of noise qt the luqar  S ta t ion  w i l l  be t h a t  associated 

with cgsmic and sblar ac t iv i ty .  
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The 16cation of the antenna, with respec t  t o  thermal r ad ia t ing  

apparatus,  i.e., MOLAB rad ia tor ,  a l s o  w i l l  cont r ibu te  t o  the thermal 

noise  leve l .  This e f f e c t  ( radiator  heat)  w i l l  be more pronounced 

i n  the lunar  day operation, and a l so  w i l l  be a function of the  temperature 

of the rad ia to r .  

It w i l l  be Decessary, therefore, €or the BF pre-amplifier to have 

s u f f i c i e n t  amplif icat ion such that  information may be received during 

these periqds of, high noise,  if con.tinuious conimunications a re  to  

e x i s t  .with the ear th .  

3.8 )I[JLTI-COUPLER 

Multi-couplers are used i n  the receiving system when it is necessary 

to connect several r ece ive r s  to a s ingle  antenna for the purpose of 

simultaneously receiving more than one channel of information i n  the 

s- freqmncy b a d .  

A multi-coupler c o n s i s t s  of a combination of ampl i f ie rs  and i s o l a t i o n  

networks. Malfunction of the multi-coupler pbssibly could produce 

c ros s - t a lk  between cbannels, due to Eoor i so l a t ion .  D i s to r t ion  of 

the received information may occur i f  the amplifier should operate  

i n  a pon-linear condition. 

3.9 RECEIVERS 

The ao tua l  equipment which is used to remove in t e l l i gence  from the 

c a r r i e r  and convert i t  t o  a usuable q u a n t i t y - i s  ca l l ed  the receiver .  

the type of rece iver ,  An, FM, e t c ,  is determined by the method of 
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modulation chosen t o  transmit the  des i red  information. The information 

then i s  u t i l i z e d  i n  the form of voice,  command functions,  o r  TV disp lay ,  

by means of the appropriate end instrument. 

Three basic types of information w i l l  be transmitted from e a r t h  t o  the 

MOLAB vehic le  : 

a) Command Information - This w i l l  perform necessary functions of 

equipment cont ro l  (on and o f f ) ,  antenna posit ioning, locomotion, 

etc. The requirement f o r  e a r t h  command w i l l  exis t ,  t o  some degree, 

i n  a l l  modes of the MOLAB operation: dormant, unmanned roving, and 

manned roving. 

b) Voice Communication - I n  the manned mode of operation the MOLAB 

vehiGle will requi re  continuous voice contac t  from e a r t h  and from 

the o rb i t i ng  command module during the portion of the o r b i t  when i t  

is i n  range. 

c)  Television Communication - The MOLAB vehic le  may have the a b i l i t y  

t o  receive and d isp lay  t e l ev i s ion  communications from the ear th .  

The purpose of t h i s  t e l ev i s ion  channel could be t o  a i d  the as t ronaut  

i n  the r epa i r  of an i d e n t i c a l  piece of equipment on e a r t h  o r  i n  

conducting s c i e n t i f i c  experiments. Therefore, the ex ten t  of t i m e  t h a t  

t h i s  TV channel w i l l  be u t i l i z e d  w i l l  be determined by the necess i ty  

fo r  t h i s  type of e a r t h  ass i s tance .  
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I 
I -  

. 

It would be highly d i f f i c u l t  to  analyze the various types of m a l -  

functions which may occur i n  the receiving system. Since the 

reception of  voice and command functions are of prime importance 

to the proper operation of the MOM, i t  would be desirable to  

provide a redundant system for th i s  information. 
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4.0 MOLAB S-BAND EFFECTIVE RADIATED POWER REQUIREMENT 

The effecqive radiated power required to comunicate between the 

moon (MOLAB) qnd the earth i s  dependent, primarily, upon three 

variables: 

a) RF base bandwidth required (B) 

b) Cabrier-to-noise ratio (S/N) 

c) qffective noise temperature (TE) 

This is shown by the qnalysis of the RF link equation below: 

where ERP is equivalent to the power oqtput of the transmitting 

antenna. 

Rewr$.ting the above expreqsion in db or logarithmic form: 

The fixed parameters of the system are: 

a) Space attenuation, 20 log ,?, where R is distance to the 
6 moon, 387 x 10 

,or 0.13 meters. 

10 log k, where k is  Boltzmann's constant or 1.38 x 10-23joules 

per degqee Kelvin. 

Losses and safety factor designed fnto the system, 10 log L - 
6 db. 

meters; a n d a i s  the wavelength d t  23.30 mcps 

b) 

c) 

* 



d) Gain of the receiving antenna, GR, taken as the DSIF 53 db 

gain antenna. 

I C  

4 

The e f f e c t i v e  noise  temperature w i l l  be assumed t o  have a fixed 

value of 271°K (system noise temperature reported by JPL of 71.7OK 

and moon br ightness  temperature of 200'K). 

t rue ,  except during periods of cosmic disturbances.  Therefore: 

This w i l l  be approximately 

Emdbw 10 logB t 10 log  S/N - 40 

A t yp ica l  requirement f o r  the MOLAB, based on the TV connnunication 

l i n k ,  might be a base bandwidth (B) of 1.0 megacycles per second 

and a car r ie r - to-noise  l eve l  of 16 db. It is  seen t h a t  with these 

parameters, an EBP of approximately 36 dbw (4 x 10 w a t t s )  i s  

required t o  communicate with the ear th .  

3 

Figure 5 i s  a family of curves obtained from the above expression f o r  

Em. 

r a t i o  and bandwidth. 

This p l o t  expresses the required ERP fo r  a des i red  car r ie r - to-noise  

I f  an FM modulation index of 2 i s  used, the 1 ncps base bandwidth has  

associated with i t  an R.F. bandwidth of approximately 5.5 mcps, as 

shown i n  Figure 6. This is  w e l l  within the capab i l i t y  of'DSIF and 

MSFN, which have a 10 mc B.F. bandwidth. 
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5.0 STATE-OF-THE-ART OF VARIOUS 

RF TRANSMITTERS AND POWER AMPLIFIERS 

This section will be primarily of an informative nature and will 

include only transmitters and power amplifiers that are applicable 

to MOW installation and operating frequency band. 

2100 to 2300 mc, is of the utmost importance, although equipment 

at 960 YIC and 1705 rnc will be considered. 

The frequency baqd, 

Since a considerable amount of the state-of-the-art information on 

the described equipment is of a classified nature (either National 

Defense or Company Proprietary), the information contained in this 

report will consist of advertised equipment. 

A discussion of the various types of microwave devices available 

is necessary. 

of theqe devices with the mLAB system, the following parameters 

should be considered: 

a) RF Transmitters or Exciters 

In order to analyse and determine the compatibility 

1) Frequency band - stability, drift 
2) Method of modulation - AM,PM,FM, etc. 

3) Bandwidth 

4) Power input - doc. 
5 )  Power output - BF 
6 )  Overall efficiency 
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7 )  Environmental characteristics - vibration, shock accel- 
eration, thermal, etc. 

8) Reliability effects - MTBF (mean time before failure) 
9) Radiation effects 

10) Cooling requirements 

11) Noise figure 

12) RFI 

13) Physical characteristics - size and mass 
b) Power Amplifiers 

1) Operating frequency 

2) Bandwidth 3 db 

3) Input power - d.c. 
4) RF exciter power 

5 )  

6 )  Noise figure 

7) Reliability - MTBF 
8 )  Environmental characteristics 

9 )  Radiation effects 

RF output power or gain 
L 

10) RFI 

11) Cooling 

12) Physical characteristics - size and -8s 

13) Effects of malfunction 



Several types of microwave tubes are adaptable for the MOLAB com- 

munication system. These are: 

a) Transmitters or Exciters 

1) Solid-state Transmitters 

2) Microwava Triodes (Planar Triodes) 

3) Voltage Tunable Magnetrons (VTM) 

4) Backward-Wave Oscillators 

5 )  Stabilittons 

b) RF Power Amplifiers 

1) Traveling-Wave Amplifiers (TWA) 

2) Microwave Triodes (Planar) (Cavity Amps) 

3) Backward-Wave Amplifiers (Amplitrons) 

4) Klystron Amplifiers 

5.2 TRANSMITTERS OR EXCITERS 

The terms transmitter and exciter are used loosely in communication 

terminology. 

The transmitter is that system of equipent which supplies the BF 

power to the antenna for transmission purposes. 

. 
The exciter usually is considered that portion of the trsnsmitter which 

generates the transmitter output frequency and raises it to a power 

level suitable for exciting the RF power amplifier stages. .It 

basically is composed of an oscillator, which supplies the sovrce 
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from which the carrier frequency i s  obtained, and the frequency 

multipliers or converters, used to increase the frequency of the 

oscillator to the desired carrier frequency. Modulators and low 

level RF amplifiers usually are considered a part of the exciter 

equipment . 

Solid-state exciters are, a s  the name implies, exciters whase 

circuitry consists of solid-state devices such as siliqn semi- 

conductors, capacitors, varactors, etc.). 

The state-of-the-art RF power output of solid-state exciters at 

S-Band frequencies (2300 mc) seems t o  be limited to less than oqe 

watt ( 750 mw). Although this is a low RP power level, it is 

adequate to excite most RF power amplifiers. 

of these devices is expected to increase to 3 to 5 watt8 within 

a few years, as present state-of-the-art techniques are Cmproved. 

The RF power outpyt 

The modulation bandwidths of the S-Band solid-state exciters in- 

vestigated range from d.c.to 6.0 mcps, This bandwidth capability 

is a function of equipment design and adheres to the limits specified 

by IRIG standards. Thus, the state-of-the-art is not reflected in 

this parameter. 

The bandvidfh requirement necessarily will be a function of the 

type of modulation utilized and the amount of information to be 

transmitted. 
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All information indicates that the modulation bandwidths for 

solid-state exciters are adequate for the MOW requirements. 

The physical size and mass of solid-state exciters, including 

pawer supply and modulation circuitry, varies slightly in the power 

range of 0.25 to 1.0 watts. The average values are approximately 

1300 to 1640 cm' (80 to 100 cu. in.) of volume and 0.91 kg (2 lbs.) 

of mass . The efficiency of these devices, relative to RF output 

versus doc. input, is approximately 2 to 5 petceqt. 

MTBF' tests on various ewiters indicate that the life of operation 

is more than 8000 hours, which should be adequate for MOLAB operation 

and pre-launch checkout. 

5.3 PLANAR TRIODE TWES 

Planar triodes are microwave oscillator tubes which make very good 

microwave transmitters (exciters of RF amplifiers), when provided 

with the necessary circuitry. 

The use of ceramic-metal construction makes this type of tube a 

rugged qnd reliable device for deep space application. 

powers of approximately 40 watts 8t 1000 mc and 18 watte at 2500 mc 

are obtainable by utilizing these triodes as oscillptors. 

devices may be modulated, by appropriate circuitry, to prodwe AM, 

FM, PM, etc., modulation. 

BF output 

These 
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Bandwidth (3db) of operation, when used as an ampl i f ie r ,  i s  ap- 

proximately one percent of cen ter  frequency. RF power gain i s  be- 

tween 10 and 1 2  db over low leve l  exciter input. The RF power oi;t- 

put,  therefore ,  i s  a function of the exciter power and ampl i f ie r  

design. A t  S-Band frequencies 20 w a t t s  seems t o  be the  l i m i t  of 

operat ion fo r  a l ightweight,  conduction-cooled ampl i f ie r  design using 

t r iodes .  

using ceramic-metal planar t r i odes  i n  cav i ty  ampl i f ie rs .  The physical 

s i z e  and weight of a typ ica l  amplif ier  u n i t  are:  490 cm3 (30 cu. i n . )  

of volume and 0.68 t o  0.91 kg (1.5 t o  2.0 l b s . )  of mass. 

Power e f f i c i e n c i e s  of 20 t o  25 percent are achieved e a s i l y  by 

5.4 CROSSED- FIELD TUBES 

Voltage tunable magnetrons (VTM) are CW o s c i l l a t o r s  used i n  the micro- 

wave frequency bands. Essent ia l ly ,  the VTM i s  a crossed-f ie ld  tube 

(or  M-Type tube) of low Q, which allows i t  t o  be tuned o r  modulated by 

changes i n  the anode voltage.  The VTM d i f f e r s  from the ordimary 

magnetron, which a l s o  i s  a crossed-f ie ld  tube, but  which has a high 

Q and requi res  physical  va r i a t ions  of the resonant cav i ty  (mechanical 

tuning) t o  vary the frequency of o sc i l l a t ion .  

The ac tua l  method o r  theory of operat ion of the  VTM i s  not  per t inent  

t o  t h i s  repor t ,  although t h i s  information may be obtained i n  the 

re ference  text.  

VTM w i l l  be mentioned. 

However, a few of  the major c h a r a c t e r i s t i c s  of the 
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The methods of modulating a VTM are limited to amplitude and frequency 

modulation. 

modulate. Theoretically, the VTM may be frequency-modulated up 

to the frequency of oscillation, but practical application (tube 

reactances) limits the frequency of modulation to approximately 

50 mc. FM is accomplished by varying the anode voltage, since the 

frequency of oscillation is a linear function of anode voltage. 

The VTM is one of the easiest devices to frequency- 

T h i s  FH is accomplished by using techniques employed to amplixude- 

modulate a class "C" amplifier, such as utilizing a series modulated 

transformer, and series resistor modulation, etc. 

The VTMmay be amplitude-modulated to some degree. 

the VM by varying the voltage to the injection electrode, which 

controls the power output of the Vn. 

is decreased to a value insufficient to bunch the incoming electrong, 

the VZM will drop out of oscillation. 

be used for 100 percent AM service. 

An is produced ip 

If the voltage to this electrode 

Therefore, the tube cannot 

The actual percentage of modulation 

is a function 05 the specific tube design. 

Power output of the VTM begins at a few milliwatts and, theoretically, 

can be extended to hundreds of watts. Present state-of-the-art 

limits this output to less than 10 watts at S-Band frequencies. 

Typically, the VTM is capable of satisfactory operation in relatively 

severe environmental conditions of altitude, vacuum, shock vihration, 

acceleration, etc. Tests have beqn performed which indicate rhat 

repeated exposure to gamma intensities as high as 1.68 x 10 7 rad/s 
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and neutron i n t e n s i t i e s  as  high as 2.66 x lo8 r a d / s  does not  a l t e r  

the tube performance. Thermal environments f o r  operat ion are - 5 5 O C  

t o  +125OC. 

1480 cm3 (90 cu. i n . )  and 2.27 kg (5 l b s . ) ,  excluding power supply and mod- 

u l a  t ion c ' i rcui  t r y .  

Physical c h a r a c t e r i s t i c s  f o r  an S-Band VTM are approximately 

5.5 BACKWARD-WAVE OSCILLATORS (BWO) 

The backward-wave tube i s  another microwave device s u i t a b l e  f o r  use 

as  a voltage-tunable o s c i l l a t o r  ( exc i t e r )  o r  as an  RF amplif ier .  

Basical ly ,  these tubes may be of the M type o r  the 0 type. This 

denotat ion descr ibes  the o r i en ta t ion  of  the e l ec t ron  beam t o  the 

magnetic f i e l d ;  the 0 type r e f e r r i n g  t o  tubes i n  which the e l ec t ron  

beam flows pa ra l l e l  t o  the magnetic f i e l d  and the M type r e f e r r i n g  

t o  tubes i n  which the e l ec t ron  beam flows normal t o  the mutually 

perpendicular d . c .  magnetic f i e l d .  The M types a l s o  are ca l l ed  

crossed - f i e  Id  tubes . 

O-type BWO's are  general ly  of low e f f i c i ency :  one t o  f i v e  percent. 

State-of- the a r t  developments regarding t h i s  type of tube are pr imari ly  

i n  the area of s igna l  sources i n  the m i l l i m e t e r  wave region (100 G c  

o r  g rea t e r ) .  
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M-type BWO's are suitable oscillators at S-Band frequencies. 

efficiency of these tubes theoretically may be as high as 80 percent, 

but in practice 

The 

efficiencies of 20 to 50 percent are obtainable, 

These tubes have a relatively high power (1 kw at 3 hc) and are 

voltage tunable; the frequency of oscillation is a linear function of 

the beam voltage. 

AM can be obtained by varying the beam current, 

FM is obtained by varying the beam voltage; 

5.6 BACKWABPUAVE AMPLIFIERS 

In general, the crossed-field tubes are classified in two groups: 

reentrant-beam tubes and non-reentrant-bemi tubes. Reentrant-beam 

tubes may use either a backward-wave or a forward-wave circuit 

structure. 

Although both classifications menfionedmay be used, the type most 

applicable to the MOIAB is the reentrant-beam tube of the backward- 

wave circuit structure. This tube usually is classified, by its 

Raytheon trademark, as an Amplitton, These tubes act as lscked os- 

cillators and have a reported operational efficiency (doc. power 

input to RF power output) of SO to 60 percent, In some cases, for 

low-gain Amplitrons, 80 percent efficiencies are obtainable, This 

relatively high efficiency is the primary electrical advantage of the 

backward-wave reentrant-beam tube over other power amplifier tubes. 

Certain RF gain and bandwidth restrictions are Lnposed on the 

AmplitTon type of tubes, These restrictions result from the short 
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drift space between input and output, which is necessary to produce 

a strong positive electronic feedback. The bandwidth of this type 

of reentrant-beam tube with short drift space is normally less than 

eight percent of the center frequency with a corresponding RF gain 

of approximately 10 to 12 db. 

put power tubes (10 watts) have been reported. 

Gains of up to 20 db for low out- 

The Amplitron is basically a simple structure, consisting mainly of 

coaxial cavity resonators and transmission lines, 

tube possesses certain inherent characteristics which make it an ideal 

tube when used as the power amplifier stage in an RF system. 

This type of 

Most important is the "Fail Safe" mode of operation. 

amplifiers (klystrons, traveling-wave amplifiers, etc.) a malfunction 

or failure usually results in distortion or complete loss of output 

power. Failure or loss of input power to the Amplitron will result 

in a loss of amplification 

the output terminals of the Amplitron. This RF drive power will be 

attenuated slightly ( 0 . 5  db) due to insertion loss of the tube, 

which is acting as a series section of a coaxial line. 

communications still could exist. 

In most power 

but the RF drive power will appear at 

Thus, Limited 

RF power output of the Amplitron is primarily a function of the anode 

current (it uses a regulated current supply), and the internal magnetic 

field strength. As long as sufficient RF drive (exciter) power is 

applied to the tube, amplification will result. If insufficient drive 

is applied, the tube will oscillate. 

however, as 100 mw is sufficient to drive most tubes. 

This should not be a problem area, 
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The RF drive power does not: require regulation in the Amplitron, as 

tube gain is a function of anode current and magnetic field. 

fore, variations in the drive power output (input to amplifier) are 

not amplified but appear at: the output of the amplifier as a 1:l ratio. 

There- 

Multiple levels of power output may be obtained by staging several 

power amplifiers. Beam power switching of the various Amplitrons 

would result in the desired RF power output. 

of the Amplitron is in excess of 10,000 hours. 

hours are reported for these tubes. Tests have been performed over 

a -4OOC to+80°C temperature range and within the standard space 

environmental characteristics (vibration, shock, vacuum, etc.) with 

very little tube degradation. 

The estimated MTBF 

Values of 33,000 

Typical physical characteristics for the Amplitron tubes are 0.91 

to 1.36 kg (2 to 3 lbs.) and 820 cm (50 cu. in.), excluding power 3 

supply. 

5 . 7  KLYSTRON AMPLIFIERS 

The klystron type of tube is dependent on transit-time effects for 

efficient operation. A cavity resonator is used in such a way that 

a small amount of drive power will produce a high a.c. voltage across 

the cavity gap. The resulting velocity modulation and bunching action 
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produces a large a.c. current in the beam. 

located at a fixed distance from the resonator cavity 

voltage induced across the grid of the output cavity is coupled 

to the tube output to produce amplification. Increased amplification 

and efficiency 'result when one or more tuned cavities are placed 

between the input and output cavities. Typically, four cavities are 

used to produce approximately 30 db saturated gain (S-Band tubes). 

Tube bandwidth, as well as power gain, is a function of the number 

of tuned cavities. Typical bandwidths are 0.25 percent of center 

frequency. Overall efficiency of the klystron amplifier is about 

30 to 35 percent. 

The output cavity is 

and the high 

Either the magnetic or the electro-static method may be used to 

focus the electron beam. Tubes using magnetic focusing (either 

permanent magnets or electro-magnets) have an advantage of higher 

efficiency but are heavy and bulky. The use of electro-static 

(periodic magnetic) focusing provides a lighter-weight system. 

method of focusing, as applied to the klystron, is presently in the 

developmental stage. Suitable tubes, using electro-static focusing, 

should be avaliable within a few years (1967-1969). The typical 

mass 

will be approximately 0.91 kg (2 lbs.), excluding the power supply. 

This 

of an S-Band tube capable of 200 watts RF output (25 db gain) 

Environmental characteristics of the electro-static focused klystrons 

should be similar to those of other microwave tubes designed for 

space application. 

c 
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possible to design cathodes with an expected life of 100,OO hours 

or greater. 

5 . 8  TRAVELING-WAVE AMPLIFIERS 

The traveling-wave amplifier is similar in operation to the klystron. 

Instead of the tuned cavities, the TWA uses a helical slow-wave 

structure. The main advantage of the traveling-wave amplifier is the 

ability to provide high gain over a wide bandwidth. 

octave bandwidths are possible with high gain (30 db) tubes. Typical 

S-Band traveling-wave amplifiers provide 30 to 40 db saturated gain with 

d.c. to Rf conversion efficiencies of approximately 30 percent. 

Greater-than- 

Beam focusing may be achieved by using the same methods discussed 

for the klystron; i.e., permanent magnet, electro-magnet, or 

electro-static (periodic permanent magnet, PPM). The PPM method of 

beam focusing is well within the state-of-the-art for traveling-wave 

amplifiers. 

such as Synocom and Telstar, with a high degree of sucess and re- 

"A's with PPM focusing are presently used on satellites, 

liability. These tubes are very light in mass; a 20 watt tube having 

a weight of approximately 0.36 kg ( 0 . 8  lbs.) including the PPM system 

but excluding the necessary power supply. 

with present state-of-the-art techniques in lightweight S-Band PPM-focused 

"WA tubes is approximately 100 watts with a tube mass of approximately 1.13 

kg (2.5 lbs). 

The highest power obtainable 
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RF power output is a non-linear function of the RF drive power input 

and the beam voltage; therefore, the tube is more readily adapted to 

an FM or PM System than to an AM system. 

obtained by using an FM system in order that the tube may be con- 

tinuously operated at saturation by the RF driver. 

drops off slightly if drive power output is increased above the 

value necessary to produce saturation. This saturated drive power 

level (typically 0.5 to 10 mw), is a function of the applied beam 

voltage. The TWA's have good phase characteristics when the beam 

Maximum efficiency is 

RF power output 

voltage is regulated; typical phase sensitivity of this'voltage is 

two degrees per volt. 

The useful bandwidth is approximately an octave (1000 mc at S-Band), 

which is many times the bandwidth requirement for MOLAB connnunica- 

tion. The inherent wide-band capability is an advantage 

even in narrow-band applications because it means that operating 

characteristics are very insensitive to environmental changes and 

parameter variation is minimized over a modulated signal bandwidth. 

State-of-the-art advancements in lightweight PPM traveling-wave 

amplifiers report a 40 percent beam efficiency (a 36 percent overall 

efficiency, including heater power). This high efficiency results from 

an optimum depressed collector design (collector voltage reduced to 

approximately 50 percent of the helix voltage) 

efficient heater-cathode design. 

and a thermally 
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The mass 

(1.1 lbs,) plus approximately 0.91 kg (2 lbs.) for the solid-state 

d. c. -to-do c. converter (power supply) . 
occupy approximately 490 an (30 cu. in.) of space. 

of a 20 watt TWA suitable for space environment is 0.498 kg 

The tube and power supply 

3 

The power output may be set at various levels by appropriate anode 

voltage changes, Le,, 20 watt and 5 watt modes, although the tube 

efficiency will be reduced in the lower power mode from 35 to 40 

percent to 25 pefcent. The MTBF of TWA's (primarily the cathode 

life) may vary from 10,000 hours to 100,000 hours 

mode of operation and the materials utilized in cathode construction. 

depending on the 
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6 . 0  MOLAB S-BAND SYSTEM WEIGHT ANALYSIS 

6 . 1  GENERAL 

It is desirable to provide some representation of the RF power output 

as a function of "system" mass. 

equipment necessary to generate the desired RF carries frequency at 

a power level of the proper magnitude to be applied to the antenna 

for transmission; i,e., the system will be composed of the modulator, 

exciter, stages of power amplifiers, high voltage power supplies, 

isolator, arid band-pass filter. 

The system is composed of the 

It may be seen, from the study and description of various types of 

microwave.tubes and exciters, that many methods (different combinations 

of equipment) can be used to compile the system. However, parameters 

such as efficiency, mass ,-reliability, the most effective use of 

primary power, bandwidth, method of modulation, simplicity of operation, 

mode of failure, and cost are of prime importance in determining 

the most practical system. 

It has been calculated (see section 4.0)  that approximately 36 dbw 

( 4  x 10 watts) of effective radiated power is necessary for the 

MOLAB S-Band communications link. It is easily seen that power of 

this magnitude is not feasibly generated by the transmitter alone; 

thus some directivity (gain) is necessary for the transmitting antenna. 

ERP PxGA 
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In the above expression, ERP is the total power radiated, or the 

effective radiated power; P is the RF power of the trahsmitter; and 

G 

X 

is the gain of the transmitting antenna. A 

. 

Associated with the above expression are the masses of the transmit- 

ter (W,) and the antenna (W ). The total mass of the system (W ) 

is  equal to the slmmation of these parameters, or 
A T 

WT = w + WA 
X 

To obtain an optimum design for the comnunications link, the total 

-8s of the system is of prime importance. Equally Fmportant i s  

the power required and the space occupied by the system. 

6.2 TBANSMITTER OUTPUT VERSUS WEIGHT 

The most effective type of transmitter for MOM use is a system 

that will supply various levels of BF power to the antenna terminals. 

This would allow the transmitted power to be a function of the amount 

of information desired to transmit, thereby making more efficient 

use of the primary power source. 

The use of a solid-state exciter, which utilizes specific combinations 

of amplifiers and varactor diode frequency multipliers, is preferred 

to a fixed frequency oscillator, such as a VTM or planar triode 

exciter. The advantage of a solid-state exciter are: 
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a )  Good frequency 

c r y s t a l  s tab i l ized  VCO. 

s t a b i l i t y  i s  obtained by using a low frequency, 

b) Maximum r e j ec t ion  of unwanted harmonics and minimum suscept i -  

b i l i t y  t o  RFI i s  obtained by using appropriated s tages  of 

amplif icat ion and frequency modulation. 

c )  A l i g h t  mass and a s m a l l  volume may be achieved by using micro- 

e l ec t ron ic  c i r cu i t ry .  

A disadvantage of the so l id - s t a t e  e x c i t e r  i s  the low electrical 

e f f i c i ency  (d.c. t o  RF), although the t o t a l  power consumed i p  

low (almost negl igible)  when compared t o  the t o t a l  power consump- 

t i o n  of the system. 

The desired s tages  of RF power ampl i f ie rs  may be used to  produce 

the required RF power leve l  a t  the antenna terminals. 

It i s  estimated t h a t  approximately 600 w a t t s  of d.c. power w i l l  be 

ava i lab le  f o r  the S-Band communications system f o r  the MOW; thus, 

w i th  a 30 percent t ransmi t te r  overa l l  e f f ic iency ,  about 180 t o  200 

wat ts  of RF power may be rea l ized .  

Various tubes, such as the traveling-wave amplif ier ,  the  k lys t ron  

ampl i f ie r ,  o r  ohe Amplitron, a r e  capable of producing gains of 

10-30 db above the 0.1 t o  1.0 watt  output of the so l id - s t a t e  

exc i ter  . 
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The Amplitran-type tube has certain characteristics which make it a 

desirable power amplifier for the MOLAB operation. 

tics are the flFail-SafeIf mode of operation, a high efficiency, and 

the capability of staging several amplifiers in series to produce 

various levels of RF output power, by energizing the appropriate 

power supply. 

These characteris- 

A generalized study of the masses of various complete transmitter 

systems (exciter, necessary power supplies, power amplifier tubes, 

circulator, band-pass filter, and cabling) was made for the 0.1 to 

200 watt power levels at S-Band (2300 mcps). 

a 200 watt system using solid-state exciters and either a TUA, a 

klystron, or am Amplitron power amplifier, the total mass will 

vary between 11.325 and 13.59 kg (25 and 30 l b s . ) .  

power region is represented below: 

It was found that for 

Data for this 

RF POWER CONDITIONS 

0.1 watt Solid-state exciter 0.79 

1.0 watt Solid-state exciter 3.60 

10.0 watts 0.1 w solid-state ex- 5.00 

cfter, 20 db Amplitron 

and HV power supply, 

circulator, & band-pass 

filter & cabling 

100 watts 1.0 w solid-state ex- 8.60 

citer, 20 db Amplitron 

and Power Supply 

EARTH 
WEIGHT (lbs.) 

1.75 

8.0 

11.0 

19.0 
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RF POWER CONDITIONS MASS (kg) EARTH WEIGHT ( lbs . )  

200 wat ts  0.1 x so l id - s t a t e  ex- 12.20 

c i t e r ,  20 db Amplitron, 

p l u s  13db Amplitron and 

combined HV power suppl i e  s, 

etc .  

27.0 

A curve representing the 10 t o  200 w a t t  va r i a t ion  of power versus 

mass i s  shown in Figure 7 .  The p lo t  of the des.cribed power 

l eve l s  (10 t o  200 watts)  produces a s t r a i g h t  l i n e ,  represented 

by the following expression: 

Px z 25Wx - 135 

6. 3 ANTENNA WEIGHT VERSUS GAIN 

Since the t o t a l  system mass (WT) i s  composed of t ransmi t te r  

mass (Wx> and antenna system m a s s  (WA), some analogy of the 

antenna m a s s  i s  necessary. 

Several types of antennacconfigurations a r e  adaptable t o  the S-Band 

MOLAB system. To obtain maximum compatibi l i ty  with the ground s t a t i o n  

(DSIF or Manned Space F l ight  Network), i t  i s  e s s e n t i a l  t h a t  the antenna 

be c i r c u l a r  polarized. An approximate increase i n  s igna l  of 3 db is  
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FIGURE 7 .  TRANSMITTER MASS VERSUS TRANSMITTER POWER 
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i s  obtained with a c i rcu lar - to-c i rcu lar  system a s  compared to  a 

c i r cu la r -  to- l inear  system.. 

Another f ac to r  to  be considered i n  se l ec t ing  the  antenna i s  the  

r e l a t ionsh ip  between the s i z e ,  m a s s , .  and gain.  

Neglecting, for  the  moment, any trade-off between t ransmi t te r  

power <Px) and antenna ga in  (GA), assume a 36 dbw of e f f e c t i v e  

rad ia ted  power (P,) is  necessary fo r  moon-to-earth communications. 

If  we assume Px t o  be 20 w a t t s  (13 dbw), then GA would be 2 3  db. 

PT ( i n  dbw) = Px ( i n  dbw) + GA ( i n  db) 

GA = 36 - 13 z 23 db 

Antennas of the parabol ic  r e f l e c t o r  with proper feed, pyramidal 

"'or conical  horns, and planar s l o t  a r ray  can be design& t o  produce 

t h i s  magnitude of gain with a c i r cu la r  polar ized r ad ia t ion  charac- 

terist ic.  Planar s l o t  arrays (crossed-slots f o r  c i r cu la r  polar iza-  

t i o n )  do not seem p rac t i ca l  f o r  use a t  t h i s  high a ga in  due t o  the  

complexitp, i,e., cont ro l  of phasing between slot and mechanical 

tolerances . 

A conica l  horn would lend i t s e l f  very well  t o  t h i s  ga in  and polar iza-  

t i o n  requirement. The s i z e  of an optimum conical  horn (maximum 

aper ture  eff ic iency and ga in  f o r  a maximum phase deviat ion across  

the  aper ture  - usual ly  a 3/8 wave-length) may be determined by the  

following expressions. 

,( i s  the  f l a r e  or s l a n t  length,  d is the  aper ture  diamater, and 

A is  the  wavelength of design frequency. 

Where C i s  the  aperture  circumference, 
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LL 2 3  db 

Gain in db = 20 log A- 2.82 
x 

meters 1 

would be: 

23 + 2..82 = 20 log C 
7 

1.3 = l o g  c z .  log :c 
P 0 . 1 3  

C: = 20 .(.13)* = -2.6 meters 

d = : C  = . 8 . 6 . - = . . O t 8 3  meters 
3.14 

2 1 = d = - .69 Z ,  1.77 meters 
3 p  ;39 

'Ilre actual physical length of tbe opt- cmical born for th i s  

gain figure (32 db), excluding the device necessary to provide 

circular polarization, is calculated below. 

4 = 4- z 1 .82  meters 
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Therefore, it i s  seen t h a t  a conical  horn (due to  i t s  length) 

i s  not a prac t ica l  antenna for  t h i s  gain requirement and fo r  

appl ica t ion  t o  the MOLAB. 

The next antenna type t o  

and feed antenna. 

be considered i s  a parabol ic  r e f l e c t o r  

This type of antenna i s  pr imari ly  a parabolic 

r e f l e c t o r  with a feed antenna located a t  the focus. The design 

parameters for  t h i s  type of antenna a re  functions of many va r ib l e s ;  

i .e.,  the changing of one of the var iab les  e f f e c t s  the others.  The 

most important of these var iab les ,  fo r  a maximum gain design, are 

the r a t i o  of focal length t o  r e f l e c t o r  diameter (F/D r a t i o ) ,  the 

type of r e f l ec to r  i l luminat ion provided by the feed antenna and 

the choice of feed for  minimum aperture  blocking. 

n 

Typical design values for  m a x i m u m  gain o r  d i r e c t i v i t y  are an F/D 

r a t i o  of 0.3, 'and a r e f l e c t o r  i l luminated i n  such a way t h a t  the 

f i e l d  a t  the r e f l ec to r  edges is approximately 10 db below t h a t  a t  

the center ,  i .e . ,  the  r e f l e c t o r  edge i s  i l luminated by the - 10 db 

point  of the feed antenna r ad ia t ion  pattern.  

The feed antenna design may be a waveguide horn, a dipole  with splash- 

p l a t e  (crossed-dipoles fo r  c i r c u l a r  po lar iza t ion) ,  o r  some other  con- 

f igura t ion  which w i l l  produce the desired primary r ad ia t ion  pat tern.  

The dipole  feed seems t o  be the most p rac t i ca l  design for  MOLAB use, 

a s  it may be supported adequately a t  the center  of the r e f l e c t o r ,  
* 

thus producing minimum aperture  blocking. 

50  



The gain of a parabolic r e f l ec to r  i s  a function of hhe physical 

aper ture  a rea  l"i.D2 1; the frequency of operation, which de- 

termines the space at tenuat ion between thq feed and r e f l e c t o r  

( 4 

the  r a t i o  of the d i r e c t i v i t y  of the parabolic r e f l e c t o r  antenna t o  

4 

); and the aperture  efficiency. The aperture  e f f ic iency  is & 
the  d i r e c t i v i t y  of a uniformly illuminated aperture o f  the  wme 

area. Mathematically, t h i s  r a t i o  o r  aperture e f f i c i ency  may be 

as high as 78 percent, but experimental r e s u l t s  ind ica te  65 percent 

t o  be the  maximum, with 60 percent being e a s i l y  achieved with good 

feed antenna design techniques. Therefore, the  gain of a parabolic 

r e f l e c t o r  is: 

a t  2300 mcps, A.= 0.13 meters 

GA = 3.5 x lo2 D~ (D i n  meters) 

= 10 log 350 D 2 
GA (db) 

"Is, fo r  a 32 db gain parabolic antenna, @ 2300 mc, the diameter 

would be: 

= 10 log  3.5 + 10 log2 + 20 log D GA (db) 
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GA = 25.42 -t 20 log  D 

-23-  25.42 a 20 log  D 

1 - 0,.12=10g D; or  0 . 1 2 ~  log - D 

D w 0.76 meters 

The depth of the antenna for a F/D r a t i o  of 0.3 would be approximately 

0.23 meters. 

Therefore, of the three types of antennas described, the parabolic 

r e f l e c t o r  and feed seems t o  be the most p rac t i ca l  type when a high 

ga in  i s  desired. 

Figure, 8 i s  a p l o t  showing the r e l a t i o n s h i p  of gain versus the 

diameter f o r  the parabolic r e f l e c t o r ,  with noted parameters of 

frequency, illumination, and aperture e f f ic iency .  

It now i s  des i rab le  t o  formulate some expression for t he  t o t a l  mass 

of the antenna system (W,) a s  a function of the  antenna s i ze ,  Le. ,  

the  diameter (0)  of the r e f l e c t o r .  The mass of the  r e f l e c t o r ,  

the  feed antenna, a l l  necessary s t r u c t u r a l  supports, and the d r ive  

mechanism w i l l  be included i n  the ove ra l l  mass of the  antenna. 

An ana lys i s  of these var ious  antenna components as a function 9f 

antenna diameter i s  t o  be determined. 

the  parabolic r e f l e c t o r  t o  be examined. 

Figure 9 ts a drawing of 
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FIGURE 9.  PARABOLIC ANTENNA MODEL FOR MASS CALCULATION 
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The mass of the skin o r  r e f l e c t o r  surface will be; 

Mass Skin = A r e a  . Thickness . Density . Porosity 

The area w i l l  be considered for ca l cu la t ion  purposes, t o  be-a f l a t  

p l a t e ,  with a 0.076-cm(0.03 in.) thickness. Aluminum w i l l  be used 

throughout as fhe material of  fabr icat ion.  

is 2680 @/cud meter (167..lba/cu. ft..). 

The dens i ty  of aluminum 

A porous o r  xgeshed-type r e f l ec to r  surface w i l l  be considered. 'we 

primary purpose of t h i s  type of construct ion w i l l  be t o  reduce the 

mass of the antenna. Several secondary advantages of the porous 

surface may be rea l ized ,  including the dectease of micrometeorite 

impact probabi l i ty  rates, and, through proper design, the decrease 

of thermal stresses which are generated i n  the antenna due t o  the 

temperature d i f f e r e n t i a l  between the  in s ide  and outs ide  surfaces. 

E l e c t r i c a l l y ,  the  surface is insens i t ive  t o  t h e m  perforat ions,  as 

long as c e r t a i n  design requirements are adhered to. I f  a w i r e  screen 

with square openings makes up the r e f l e c t o r  surface,  the edge length 

(1) of the  openings must be made i n  such a way tha t .  

For ca l cu la t ion  purposes, a mesh or  porosi ty  f ac to r  of 0.5 (one- 

hal f  of the surface material removed) i s  used. 

The mass of the r e f l e c t o r  skin will be: 

'skin .8D2 (D i n  meters) 



The bas ic  mass of the feed antenna w i l l  not vary with the r e f l e c t o r  

diameter, but w i l l ,  i n  essence, remain constant. A p r a c t i c a l  mass 

value fo r  t h i s  feed antenna i s  0.23 kgs ( . 5  lbs.) .  

= 0.23 kg 'feed 

,me support f o r  t h i s  feed antenna w i l l  vary d i r e c t l y  with the 

diameter, rsince the  F/D r a t i o  i s  fixed a t  0.3. A reasonable value 

f o r  t h i s  support increase i s  0.75 kg per meter (0 .5 l b s / f t . ) .  

'feed support '? - (. 3) (. 75)D-= 225D kg 

The supporting spokes w i l l  vary as described. 

s ec t ion  of  0.322 cm2 (% in.sq) i s  considered, the  

If a uniform cross-  

mass w i l l  be: 

'spokes YAREA . LENGTH . DENSITY 

Essen t i a l ly ,  i n  the configuration shown, there  are three  spokes 

which vary i n  mass with the diameter o r  length. 

Wspokes 1.35D kg 

The ou te r  supporting r i n g  i s  a function of the  r e f l e c t o r  circumference, 

o r  PD. The mass again w i l l  be: 

rJ = AREA . DENSITY . LENGTH 'ring 

o r ,  assuming a 1.27 cm by 2.54 cm (h i n  by 1 in )  c r o s s  sec t ion ,  

'ring - - 2.7D kg 
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Ibe base-plate,  used f o r  mounting the antenna t o  the r o t a t o r ,  w i l l  

have an assumed constant thickness of.0.635 c m  (0.25 in )  and w i l l  

have a diameter equal t o  0.2 times t h a t  of the r e f l ec to r .  

the mass of t h i s  base-plate w i l l  be 

Thus 

'base rate* I AREA THICKNESS DENSITY 

Or 'base-plate 0.54 D2 kg 

Sunming these sub-system mass t o  ob ta in  the t o t a l  composite 

antenna mass w i l l  produce the following expression: 

I 1.34 D2 +4-3  D + 0.23 'antenna 

This expression is plo t ted  i n  Figure 6. 

It must be noted t h a t  the mass ~ of the r o t a t o r  or dr ive  system 

is  not  included in t h i s  expression f o r  antenna mass . The mass 

of the dr ive  system, and a l s o  the supporting pylon, w i l l  no t -on ly  

be a function of antenna s i z e  ( mass ) *  but  a l s o  of the torque 

required,  the speed of movement necessary and the amount of p i t ch  

and r o l l  of the  WLAB vehicle .  

Thus f a r ,  the  following expressions have been assembled: 

1. Total e f f e c t i v e  radiated power (KRP) is the product of 

t ransmi t te r  power (watts) and antenna gain (rat io) .  

PT = z Px GA (watts)  

- or EBP(dbw) - px&w) = GA(db) 
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2 .  Total mass is the sum of transmitter mass and antenna mass 

(excluding the drive system). 

WT = wx+ WA 

3. 

the-art for 10-to-200 watts) is shown by: 

Power Qutput of the transmitter as a function of mass (state-of- 

Px = 25'4, - 135 (mks) 

Px = kl wx - k-2 

4. Gain of antenna (parabolic reflector) is shown by: 

GA = 350 D2 or GA = k3 D2 

GA(db) = 10 loglo 350 D2 

5 .  The mass of the antenna is shown by: 

WA = 1.34 D2 4- 4.3D 4- 0.23 

WA = kqD2 + k5D -I- k6 

It is desirable to solve for the optimum tr'ansmitter power at a 

minimum system 'mass 

required by the system. 

for some predetermined total power (ERP) 

This total power (PT or ERP) can be 

obtained from the following equation once the required para- 

meters of base bandwidth and carrier-to-noise levels are fixed, 

See section 2 for an explanation of terms. 
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and, substituting in the equation UT = W x  -+ WAY 
PX + .* + k4D2 + ksD + kg -r WT = 

but 

or, writing in another 

WT = kA Px+ %PTPi1 

where 

and KD = k2 
kl 

t? 
k2 k4 pT *T 
kl k3 px + kg + k6 

form: 

kg 

Taking the derivative of WT with respect to Px and setting it equal 

to zero will give the transmitter power required for a minimum system 

mass and fixed ERP. 

-2 kc ’T’px’ 3/2. 
-2 dWT = 0 k-A - k&Px 

-2 1 3 PX 
O s 4  x - 3.8 x (P,) (P, ) - 1.15 x loo1 ( P T ~ )  (P,-T) 

Substituting the proper numerical values for the constants and 

a value of 4 x 10 

power level of approximately 40 watts ( 16 dbw) is required for 

optimum system m s s  

mass 1. An antenna gain for this power combination is: 

watts (36dbw) for PT, shows that a transmitter 

(a combination of transmitter and antenna 

3 2 4 x 10, = 1 x 1 0  
4 x 10’ 

= pT GA 
PX 

2 
or GA(db) = 10 loglo 10 =20 db 
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This antenna gain requires an antenna 0,525 meters in diameter. 

D2 = Ga = 102 = 0.276 meter squared 
3.5 x 10L " 3.5 x 102 

D = 0.2525 meter (1.73 feet) 

I 

Thus the masses of the transmitter and antenna will be: 

Wx Px 3. 135 
25 

3kl2E = 7 k g  
25 

WA = 1.34 D2 + 4 . 3  D + 0.23 = 0.37 .+.2.25 + 0.23 = 2.85 kg. 

WT = Wx + WA = 7 + 2.85 = 9.85 kg (22 lbs) 

The total effective radiated power (36 dbw), used in the above 

calculations, is based on an S-Band KF transmitting link with a 

base bandwidth of 1.0 mcpa a 16 db carrier-to-noise level and a 

30 db receiver signal-to-noise ratio at an FM modulation index of 2. 

These are realistic values for an appreciable high resolution 

TV system for the MOLAB-to-earth communications link. 
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7.0 S-BAND LUNAR SURFACE RELAY LINK 

7.1 LUNAR COMMUNICATIONS 

It is desirable to provide an S-Band communication link on the lunar 

surface. This link is to be used for transmitting and receiving 

information between points A and B on the lunar surface. 

points may be the LEM vehicle and the M O W  or possibily the M O M  

These 

and a roving astronaut. 

Two systems can be realized. 

and an active system of repeaters. 

These are a passive system of stations 

The passive system has many disadvantages such as a high initial 

power and al.loss at each point of relay and alighment due to narrow 

Beam antennas; therefore, it is not feasible at this time. 

The active system of a transmitter and a receiver at each relay 

station was studied. 

At this frequency band (2300 mcps), line-of-sight conomunication is 

the only feasible approach. 

7.2 LINK PARAMETERS 

'Tt is desirable to utilize an existing transpdndkr fur vhis study. 

The Motorola Mark I S-Band Transponder, which has been 
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designed f o r  the Mariner "C" usage, w a s  chosen because i t  may be 

used fo r  the Apollo m:ssicn. 

The cha rac t e r i s t i c s  of t h i s  transponder are: 

Receiver Frequency 

Transmitter Frequency 

Transmitter Power 

Modulation 

Bandwidth 

Noise Figure 

Carrier Sens i t i v i ty  

Input Power 

Mass and Cubage 

Dimens ions 

Temperature: Operational 

Storage 

2113.3 m c  

2295 m c  

0.5 w a t t s  

PM d.c. t o  1.8 m c  

1.8 m c  

11 db 

-150 dbm 

13 w a t t s  

43.03 kg/4900 cm 

(95 lbs./300 in.  ) 

35.56 c m  x 17.78 cm x 7.62 cm 

(14 in.  x 7 ' i n .  x 3 in.)  

-loo c to  +75OC 

-65OC t o  +125OC 

3 

3 

Due t o  the  s m a l l  radius  of curvature of the moon, l ine-of-s ight  

d i s tances  are extremely shor t ;  therefore ,  towers w i l l  have to be used 

f o r  extending the range distances.  
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Tower : 

t 

Tower 0.00 m 

Tower 4.56 m 

4.56 m 

9.12 m 

18.24 m 

18.24 m 

30.24 m 

STATION A STATZON B 

(0 f t . )  

(15 f t . )  

(15 f t . )  4.56 m (15 f t . )  

(30  f t . )  9.12 m (30  f t . )  

(60  f t . )  1.824 m 6 f t .  

(60  f t . )  

0.0 m (0 f t . )  

0.0 m (0 f t . )  

18.24 m (60  f t . )  

RANGE 

.804 km (1/2 mile)  

4.02 km (2 .5  miles)  

8.04 km ( 5  m i l e s )  

11.26 lan ( 7  m i l e s )  

10.45 lan (6 .5  m i l e s )  

16.45 km (6 .5  m i l e s )  

(100 f t . )  30.24 m (100 f t . )  20.8 ka (12.9 m i l e s )  

Since tower heights  grea te r  than 18.24 m. ( 6 0  f t . )  do.not seer. 

p r a c t i c a l ,  a height of 18.,24 m.(60, f t ,)  and a range of 16 tan (10 m i l e s )  

w a s  chosen as an optimum value. 

The 18.24 (6‘0 f t . )  tower (STEM DeHavilland Design) W L l l  SUppOrt, at 

the  top, 18 kg (40 lbs ,  ea r th  weight) with one end of t he  tower 

fixed for  a 7.62 cm (3 .0  in.)  diameter tower. This mast i s  fabr ica ted  

of s t a i n l e s s  steel tubing with a 0.013 an (0 .005 in . )  w a l l  thickness. 

No mass information is avai lable  a t  the moment, but an approximate 

mass i s  calculated below; 

Tubing weight 
2 

(Height)(Density of Stee l )  (D outside - D ins ide)  wt 4 

3.4  kg (7 .5  lbs )  
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Since this mass represents only that of the tubing, additional 

components of the tower, such as stiffening rings, top and base plates, 

a stabilizing spike, and an erection device will make up the total 

tower mass . A very rough estimate of 4-5 h3 (10 lb) will be used 
at the moment for the tower mass . ( A moce accurate vahe will be 

available with research on the subject, as will information on 

packaging dimensions). 

7.3 LINK CALCULATIONS 

Parameters for determining the required antenna characteristics 

(gain,.etc.), and using the Motorola Mark I transponder are as follows: 

PT = ( % P R Y  kTB (N.F) (S/N) (S .F . )  

-a- GR GT (fur dbm) 

'T 500 mw (fixed by transponder) 

Path loss (y) R 16 km 

l i fB  T 20OBK, B = 500 k cps 

N. F. 

S.F.  

Conversion to dbm 

GR Receiver Antenna 

Calculated 

G Transmitter Antenna T 
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+27 dbm 

+124 db 

-148.5 db 

+11.db 

+10 db 

3 db 

30 db 

+l. 25 

+1.25 

1 

I 
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' *  

These ca lcu la t ions  show t h a t  the t ransmi t te r  power of 500 llou (27 dbm) 

is adequate f o r  the 16.09 km (10 mile) range when antenna gains of 

1.25 db a r e  used f o r  the t ransmit t ing and receiving antenna. 

gain values a r e  based on a 0.5 mcps bandwidth. 

width capab i l i t y  (1.8 mcps) of the transponder is u t i l i z e d ,  antenna 

gains  of 4 db are necessary. 

These 

I f  the  wider band- 

7.4 A"NAs 

Antenna gains of the calculated values above a r e  e a s i l y  obtained. 

A halfwave dipole has a 2.1 db gain, re fe r red  t o  an i so t rop ic  rad ia tor .  

It is d e s i r a b l e , . f o r  t h i s  system of re lays ,  t o  use a more d i r ec t iona l  

antenna, thus reducing the chances of coupling between r e l ay  stations.. 

An antenna with 10 db gain (SO0 - + 3O half-power beapwidths) w i l l  

produce the desired coverage. 

These antenna gains would require  less power from the t ransmi t te r  f o r  

a 16.09 km (10 mile) range, but  for study purposes, the  500 mw power 

l eve l  of the  transponder w i l l  be used. 

Various antenna configurations feas ib ly  could, be.used as t ransmit t ing 

and receiving antennas. Some p o s s i b i l i t i e s  are: parabolic '  re f  l e c t o r  

and feed, yagi,  conical  and rectangular horns, and h e l i c a l  antennas. 
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It is highly desirable, if not required, that circular polarization 

be used in the antenna system, as circularly polarized antennas are 

unique in being unable to seeatheir own image (regarding RF) in any 

symmetrical reflecting surface. 

Rhas? reversal (180') of  the .kc>rizontal. component in the RF .wave, 

This characteristic i s  due to the 

reversing the sense of tbq reflected wave from, for example, a 

right;-.hand circular to a left-hand circular. b y  reflection or 

interaction of a reflected .wave, from the lunar surface, therefore, 

is reduced approximately 30 db. 

reflecting surface and the degree of ellipticity of the antenna beam. 

Analysis of the various antennas is necessary in oSder to optimize 

weight, package, and gain parameters. 

Th$s reduction is a function of a 

A 15.24 cm (6 in.) parabolic. reflector produces approximately 10 db 

gains, a 30.48 cm (12 in.) parabolic reflector produces a 15 db gain; 

both will have a crossed dipole feed for circular polarization. 

system of this type (dish and feed) can be fabricated by using tech- 

niques which will prQduce a compact and 1gghtweight;:package:. 

A 

Horn antennas also may be fabricated of lightweight me+als;,but compact 

packaging may present a problem area. 

The helical antenna seems to be the logical antenna for the system 

under consideration. State-of-the-art fabrication techniques are 

capable of productng extremely lightweight, collapsible antennas of 

recoverable foam, which require very little space. 

. 
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The helical antenna is inherently circularly polarized, and has 

cpnstant gain and beamwidth over a broad band; hence, the sane 

antenna may be used for transmit and receive frequencies (2113 

mc and 2295 mt), utilizing good design techniques, 

antenna, to provide a gain of (lO(db),,should have a msxbun 

A helical 

mass of 0.109 kg (1/4 lb.). A typical dimensional layout of 

the described helical antenna is shown below; 

. -- 

b -  
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7.5 POWER SUPPLY 

The power supply incorporated in this system shall be capable of 

continuous operation to supply environmental control to the 

associated equipment. 

Mass, as in all space equipment, is a prime factor. In this 

application, the antennas and transponder will be located at the 

top of an 18.24 m ( 6 0  ft.) tower, as cable mass and cabling 

losses will be too large if the transponder is located at the base 

of the tower. It is, therefore, necessary to locate the power 

supply at the top of the tower for environmental control of the 

transponder. 

A snap-11A (Martin-Marietta Corporation) type power supply, with 

an isotope of longer half-life seem6 to be ideal as to mass and 

power capability. This unit has a mass of approximately 13.59 kg 

(30 lbs.) and produces 25 watts. The physical package measures 

30.48 cm (12 in.) in height and 50.80 cm ( 2 0  in.) in diameter. The 

basic cost of a unit of this type is unknown at this time. 

68 



: 7...6 -SYSTEM 

. 

Each r e l a y  starion w i U  cons i s t  of two ailtennags aot0.24'm. 

(60 f t . )  tower, a transponder, a power supply, and envirolmreatul 

cont ro l  equipment. 

cos t ,  and package dimensions a r e  out l ined  as follows: 

Individual  re lay s t a t i o n  parameters of nmS8 . , 

Antenna : (Transmit and Receive) 

Type : 11 db gain co l laps ib le  h e l i x  

Package : 

Storage.: 12.70 cm (5 in.)  diameter ground plene 

3.81 an (1.5 in.)  x 12.70 an ( 5  ini)  

long ( rad ia t ing  element) 

Mass : 0.113 kg/unit  (0.25 l b s / m i t )  

Cost: $200.00/unit 

Environmental L i m i t s :  -155oC t o  +12O0C) 

Transponder: 

Type: Motorola S-Band Mark I 

Package: 34.80 cm x 16.0 an x 11.17 cm (13.7 i n  x 6.3 in. x 

4.4 in . )  

Mass : -4.07 kg (9 lbs.) 

d.c.Power Input: 13 w a t t s  +15v & -2% 

RF Power Out: D.5 w a t t s  @ 2295 acps 

Environmental: 

Storage : -65O t o  ' +Iso 

Operational: -10' t o  +75O 

Cost: $60 k 
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Power Supply : 

Type t SNAP 11-A 

Package: 30.48 cm (12 in.) long --L 50.80 cm (20 in.) 0.D. 

Mass : 13.59 kg (30 lbs) 

Power-out: 25 watts 

Cost:’Unknawn at this time 

Tower : 

Type: DeHavilland STEM 

Package : 

Storage : 

Operational: 18.24 m (60 Et.) x 7.62 cm (3 in.) 

diameter 

Mass : 4 .5  (10 lbs.) 

Cost: W$8 k 

Environmental: -155@ C to +120°C 

Total mas.s requirement for each .tower relay will be: 

Mass: TotalW(2 antennas) -t (Transponder) + (Power Supply) 

+ (Tower) 
= .113 + 4.06 + 13.6 + 2.26 = 20.1 kg wT 
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7.7 SYSTEM INSTALLATION 

/ 

// 

It has been shown that a line-of-sight range of 16.09 km (10 miles) 

can be c'overed by using 18.24 m (60 ft.) relay towers, with antennas 

and associated equipment mounted on top of these towers. 

The preceding study of parameters i s  based upon tranamission betwe,.. 

two established points, such as (A) a lunar shelter and (B) a lunar 

vehicle, both having antennas mounted 18.24 m (60 ft.) above the 

lunar surface. 

intervals of separation would allow an indefinite connnunication range. 

The erection of a relay tower at 16.09 km (10 mile) 

The situation changes considerably if the two points of interest (A) 

and (3) are, for example, a lunar shelter or lunar vehicle (A) and 

a roving astronaut (B). 
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The average astronaut, having a height of 1.82 m (6 ft.), would 

find the line-of-sight range from a 18.24 m (60 ft.) tower to be 

between 10.45 and 11.26 km (6.5 and 7 miles). 

be required to  erect a 18.24 m ( 6 0  ft.) tower each 10.45 km 

( 6 , 5  miles) to further increase his communications capability. 

He therefore,would 

.0 
.--- 

(1) Range of communication between fixed stations = 10 (number 

relays) + 16.09 km (10 miles). 
(2) Range of communication between astronaut 6 fixed station = 

6 . 5  (number relay) + 10.45 km ( 6 . 5  miles). 
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7.8  ACCURACY I N  RELAY LOCATION 

* 

The accuracy i n  loca t ion  of the r e l ay  poin ts  requi res  some consideration, 

as many var iab les  e x i s t .  

It has been assumed i n  the  range determination t h a t  a f l a t  (smooth) 

t e r r a i n  ex i s t s .  I f  an i r r egu la r  (mountainous) t e r r a i n  e x i s t s ,  che 

range w i l l  be dependent upon the degree of i r r egu la r i ty .  

7 .9  ANTENNA BORESIGHTING 

The degree of freedom allowed i n  pos i t ion ing  the  antennas on the  towerg 

is sub jec t  t o  the  i t i n e r a r y  of the vehicle  or astronaut .  

I f  an antenna of t he  out l ined  type (10 db gain,  and 3 db beamwidths of 

50  - + 3 degrees) is  u t i l i z e d ,  the half-power ( 3  db) beamwidth w i l l  cover 

an area of approximately 5 6.43 km ( 4  m i l e s )  o f f  boresight  for a 16.09 km 

(10 m i l e s )  range, and - + 4.82 km ( 3  miles)  of f  boresight  f o r  a 10.45 ka 

(6 .5  m i l e )  range. 

This would allow the  astronaut  or vehic le  an appreciable  amount of l a t i t u d e  

i n  maneuvering between t e r r a i n  i r r e g u l a r i t i e s .  

7.10 CONCLUSIONS 

An S-Band (2300 mc) r e l ay  system of towers providing a 16.09 km (10 m i l e )  

extension of range (per r e l a y  s t a t i o n )  between two f ixed s t a t i o n s  (A and B) 

would have a mass of approximately 20.38 kg (45 lbs.) per  r e l ay  statim. 
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This relay link would provide a roving astronaut 10.45 km ( 6 . 5  miles) 

additional range per relay station. 

Coupling between relay stations should not present a problem on a semi- 

straight link, but could present a problem on figure eight links. This 

is dependent upon itinerary and relay location. 

7.11 LUNAR BASE AND VEHICLE SYSTEMS 

The equipwent required for the roving vehicle or lunar shelter can be 

the same as that used for the relay tower, although this would be highly 

impractical since considerable duplication of equipment would result. 

The existing power supply of the vehicle and base station, which forms the 

bulk of mass and cost of the relay system, can be utilized. 

The transponder may be the same unit (Mark I), or possibly equipment 

used on another link. This unit can be located internally at the station, 

thus eliminating environmental control requirements which exist at the 

relay stations, assuming that environmental control is provided at all 

times in the station. 

The same procedure may be used in tower installation, although mass 

requirements may be reduced somewhat, as the station and vehicle can be 

utilized as a mounting platform. It will be necessary to provide RF cable 

to the antennas located at the top of this tower. If fllow loss cable" such 

as Spiro-form is used, losses of approximately 3 db will occur. 
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the 500 mw transmitter is adequate to compensate for this loss in 

power at the antenna terminals, 

7.12 ASTRONAUT SYSTEM 

The system necessary for the astronaut to comunicate with the base 

station and relay information via the relay towers will consist of the 

f o 1 lowing equipment . 

He will be required to have an antenna, preferably mounted on a.light- 

weight tripod for positioning; a transmitter compatible with bandw$dth 

requirements of the system; a receiver capable of voice reception; and a 

power supply capable of 20 watts output to supply transmitter, receiver 

and environmental control power. 

It will be necessary to provide the astronaut with some form of 

environmental control and a possible power supply for a TV camera. 

Therefore, the additional mass of a power supply to the power communica- 

tion system should be small. 
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8.0 S-BAND (VOICE) LINK 

The preceding study was based on the use of an existing S-Band 

transponder, which has the capability of video communication. 

It now is desirable to study the parameters of a system of relays 

for lunar surface communications where voice data fa the sole 

requirement.. The maximum bandwidth under consideration is 2.5 

k cps. 

A line-of-sight range of 10 km (6.25 mi1as)'will be assumed as the 

maximum range between relay stations. 

Tower heights for line-of-sight communications at this range will 

be : 

9.12 m (30 ft.) each station - lOkm (6.25 miles) 
9.12 m (30 ft.) one station & 1.82 m (6 ft.) astronaut - 
8.04 km (5 miles) 

18.24 m (60 ft.) one station & 1.82 m (6 ft.) astronaut - 
10 km (6.25 miles) 

The type of antenna used for transmitting and receiviqg will be 

the same as outlined in the preceding study. It will be a circu- 

larly polarized helical antenna of 10 db gain and will have a 

half-power beamwidth of 50' 2 3e. 
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8.1 LINK PABAMETERS 

The transmitter power required from the transponder will be 

calculated by using the varied parameters of range (lo Ian) and 

bandwidth (2.5 kc.). The other parameters, noise figure (W), 

and signal-to-noise ratio (S/N),  which are dependent upon 

transponder design, may vary in practice, but previous values 

will be used for comparison study purposes. 

pm Calculated 0.02 mw -17.9 dbra 

Pith loss (q2), B=10 km, fa2300 mc 119.7 db 

kTB T=200?k, B'2. S k c  

NF 

S /N 

S. F. 

52 
GT 
dbw to dbm 

-171.6 dbw 

11 db 

10 db 

3 db 

+10 db 

+10 db 

30 db 

A transponder, to produce the necessary transmitter and receiver 

characteristics: power, bandwidth, etc., should require approximately 

3 watts of input power. 

problem, as mass is approximately 2.26 kg ( 5  lbs). 

Packaging of the unit will not present a 
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8.2 POWER SUPPLY 

A s m a l l  SNAP un i t  i s  a possible  means of  supplying power. 

mately 5 w a t t s  electrical power w i l l  be required f o r  transponder and 

environmental control under f u l l  Load conditions. A SNAP u n i t  of t h i s  

output requirement should be e a s i l y  designed; a reduct ion i n  mass w i l l  

The mass of such a SNAP u n i t  

Approxi- 

be evident with lower ampere-hour ce l l s .  

w i l l  be approximately 4.53 kg (10 lbs.). 

An a l t e r n a t e  approach i s  under study i n  kAch  mercury c e l l s  with 

no recharge capabi l i ty  w i l l  be used as the power supply. 

on mercury c e l l  cha rac t e r i s t i c s ,  l i f e  expectation, mass f o r  required 

power output,  environmental requirements (operational and s torage) ,  

and cost, are necessary t o  evaluate  t h e i r  usage. 

Information 

I 1  

* '  

The p o s s i b i l i t y  of u t i l i z i n g  mercury cells as power suppl ies  f o r  

shor t  durat ion r e l a y  l i n k s  warrants fur ther  study, although the 

SNAP u n i t  o f f e r s  the advantage of rechargeable cells  and long t e r m  

usage. The SNAP system w i l l  be u t i l i z e d  i n  t h i s  study 
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8.3 TOWER 

As shown previously, tower heights of 9.12 m (30 ft.) are adequate 

for line-of-sight communication over the 10 lan (6.25 mile) range. 

(This again is assuming a smooth lunar surface). 

a 9.12 m (30 ft.) tOwer and 1.82 m (6 ft.) astronaut will be 8.04 km 

(5.miles). Towers, therefore, will be placed at 10 km (6.25 mile) 

or 80.45 lan (5 mile) intervals, depending on relay usage. 

The range between 

lX 2.54 cm (1 in.) diameter tower (DeHauilland STEM design) will be 

adequate for the package weight under consideration: 

6.79 kg (15 lbs). 

approximately 

Tower mass should be approximately 2.26 (5  1bS.) 

8.4 SYSTEMS MASS 

The system (relay tower) will consist of the following components: 

Antennas 2/units @ 0.11 kg (0.25 lbs) each 

.Transponder 2.26 kg (5 .0  lbs) 

Power Supply (SNAP unit) 

Tower 9.12 m (30 ft.) 2.54 cm (1 in.) O.D. 2.26 kg (5 .0 lbs) 

0.23 kg (0 .50 lbs) 

4.53 kg (10.0 lbs) 

TOTAL 9.28 kg (20.5 lbs) 
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8.5  SYSTEM COST 

Final cost of this system should be considerably less than the system 

previously outlined, but developmental costs will need to be considered. 

t 

c 

. 
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